Summary.-The conventional diffusion chamber (CDC) as described by Benestad (1970) Colony formation by haemopoietic cells taken from leukaemic mice appears to be due to the proliferation of a remaining normal cell population alone, while the leukaemic cells in the inoculum form a background of uniformly distributed blast cells. In the case of leukaemic cell culture, there are differences in the results from CDCs and ADCs, and data from colonies in leukaemic ADC cultures are similar to those from normal ADC colonies. These comparisons imply that the ADC technique may be used to monitor the functional capacity of normal bone marrow, by its ability to form colonies, during the development of leukaemia. A humoral effect of a leukaemic environment on the growth of normal bone marrow cells in ADCs has also been detected.
Summary.-The conventional diffusion chamber (CDC) as described by Benestad (1970) had been modified to assay the colony forming capacity of RFM bone marrow and spleen cells in agar diffusion chambers (ADCs) . The Colony formation by haemopoietic cells taken from leukaemic mice appears to be due to the proliferation of a remaining normal cell population alone, while the leukaemic cells in the inoculum form a background of uniformly distributed blast cells. In the case of leukaemic cell culture, there are differences in the results from CDCs and ADCs, and data from colonies in leukaemic ADC cultures are similar to those from normal ADC colonies. These comparisons imply that the ADC technique may be used to monitor the functional capacity of normal bone marrow, by its ability to form colonies, during the development of leukaemia. A humoral effect of a leukaemic environment on the growth of normal bone marrow cells in ADCs has also been detected.
HAEMOPOIETIC precursor cells are functionally detectable by a variety of in vivo and in vitro methods, including the spleen colony (Till and McCulloch, 1961) , agar colony (Pluznik and Sachs, 1]965; Bradley and Metcalf, 1966) and the intraperitoneal diffusion chamber (Benestad, 1970) techniques. The recent morphological identification of a possible haemopoietic stem cell in rodents and in primates Dicke et al., 1973b; Rubinstein and Trobaugh, 1973) , together with cell separation and cell kinetic studies (Metcalf and Moore, 1971) , has allowed speculation concerning the identity of the cell types assayed by different systems.
Until recently, the assay of haemopoietic stem cells, depended upon in vivo techniques which may be divided into those methods which involve cell grafting and those which do not. However, the end-points used for these assays do not necessarily measure the same aspect of stem cell function (Lajtha and Schofield, 1969) . With the development of tissue culture techniques for haemopoietic precursor cells, claims have been made for the detection of pluripotential stem cells both in agar in vitro (Dicke, Platenberg and van ) and in intraperitoneal diffusion chambers (Boyum and Borgstrom, 1970; Brievik, Benestad and Boyum, 1971) . Other essentially similar culture systems appear to measure the incidence of a more committed precursor cell leading to the production of granulocytes and macrophages (Metcalf and Moore 1971; Gordon and Coggle, 1974) . This paper describes a method combining the advantages of the conventional diffusion chamber (CDC) with those of the agar culture technique, which has been used to assay bone marrow (Metcalf, 1974) horse serum, L-glutamine, L-asparagine and antibiotics (penicillin and streptomycin).
Molten agar, held in a wAater bath at 45°C, is added to the medium w%hich contains t,he required number of cells for assay, to a final agar concentration of 0-30. 350 pul of this mixture is injected into each chamber and allowed to set at room temperature before sealing and insertion into host mice.
Examitination of ADC cultures. The ADCs are removed from the peritoneum of the host, wviped clean wvith a tissue and the single Millipore filter gently peeled awNay from the acrylic ring. The agar gel is left supported by the ring and coverslip. The transparency of the coverslip facilitates the scoring of colony numbers using a dissecting microscope at a magnification of x 25. Aggregates of more than 50 cells are scored as colonies, following the most frequently accepted criterion for scoring CFUc in agar culture in vitro. Aggregates of fewer than 50 cells are considered as clusters.
For histological examination, individual colonies are picked out of the agar and squashed between 2 glass slides w%ith a drop of horse serum. The slides are then gently separated by sliding them apart, and the resulting smears air dried and stained wAith May-Griinwald and Giemsa.
Thymidine suicide technique.-The method used to investigate the level of 3H-labelled thymidine suicide of ADC precursor cells w%as similar to t,hat described by Metcalf (1972) . A sample from a bone marrow cell suspension was incubated for 20 min at 37°C with 3H-labelled thymidine (specific activity 19 Ci mmol-1) at a concentration of 250 ,uCi ml-1 in Eagle's MEM. A second sample was used as a control and was incubated under identical conditions in medium containing unlabelled thymidine. Following incubation, both the radioactive and the control cell suspensions were wTashed 3 times before in vivo incubation in ADCs. Incubation with 3H-labelled thymidine causes the suicide of the cells in S phase of the cell cycle at the time of administration. The surviving fraction provides an indication of the nuimber of cells in cell cycle. Fig. 2 . The most marked decrease is in the number of bone marrow colonies per chamber, where the terminal yield is approximately 3%0 of the control yield. The colony yield from aliquots of terminally leukaemic spleen cells is 20% of the control yield. If the data from leukaemic spleen ADC cultures are corrected for the increase in splenic cellularity during the development of leukaemia (Gordon, 1974 ) the relative decrease in colony formation per spleen is 40%0 (Fig. 2) .
The data given in Table V The results for the ADCs are taken from colonies removed from the agar and not from the dense background of single cells. The relative numbers of granulocytic cells and macrophages are similar in normal and leukaemic ADCs, indicating that the colonies scored in leukaemic ADC cultures are derived from normal cells and that this technique measures a parameter of the capacity of normal granulocyte and macrophage production during the development of leukaemia.
The effect of a leukaemic host environment on normal bone marrow colony growth in ADCs was determined by incubating RFM bone marrow cells in control syngeneic hosts and in RFM mice immediately after they had received an i.v. injection of 5 x 105 leukaemic spleen cells. The lifespan of the leukaemic mice allowed an incubation period of 8 days, and the results given in Table VI show (Till and McCulloch, 1961) but its application remains restricted to rodents. The agar colony (CFUc) assay (Pluznik and Sachs, 1965; Bradley and AMetcalf, 1966) has been used clinically to assay normal and leukaemic human bone marrow (Pike and Robinson, 1970; Iscove et al., 1971) . However, the advantages of this in vitro system are accompanied by the difficulties in the standardization of the technique and the complex terminology associated with different sources of colony stimulating factor (Metcalf, 1973) . It is generally accepted that the agar colony precursor cell is a committed cell which is able to produce both granulocytes and macrophages in vitro (Metcalf and Moore, 1971) . The application of the intraperitoneal diffusion chamber technique to the growth of murine haemopoietic cells (Benestad, 1970) and its later use in the culture of human bone marrow cells (Carsten et al., 1972; Boyum et al., 1972b) avoided the complications of CSF, but allowed total and differential cell production to be measured rather than colony formation.
It is clear that simultaneous measurements of total and differential cell production and of the colony forming capacity of haemopoietic precursor cells would be advantageous to both experimental and clinical haematology. This paper has described a method in which CDCs and ADCs, containing identical cell samples incubated under the same conditions, may be used to measure these 3 parameters of bone marrow function.
Although the use of intraperitoneal diffusion chambers (CDCs) does not require the addition of CSF, it has been shown that cells in diffusion chambers are exposed to a humoral agent which can act as a source of CSF in agar in vitro during intraperitoneal incubation (Gordon, Coggle and Lindop, unpublished data) . The level of this endogenous stimulating factor may vary under certain conditions, as in leukaemia (Table V) and between strains (Table II) . There are reports in the literature of increased CSF levels in leukaemic patients which have been reviewed by Metcalf (1971 Metcalf ( , 1973 and pretreatment of host animals has been shown to improve results from CDCs (Boyum et al., 1972a) . Dicke, Riou and Platenberg (1973) pretreat the host animals by irradiation before they are used in their Millipore chamber agar system.
The growth of granulocytic and macrophage colonies in ADCs suggests that they may originate from the same precursor cell as the in vitro CFUc. This idea is supported by the data from the 3H-labelled thymidine experiments (Table  III) . 3H-labelled thymidine has been widely used as an agent for killing cells in S phase to give an indication of the fraction of cells in cell cycle, and has also been applied to the spleen colony (CFUs or stem cell) and agar colony (CFUc) precursor cells. Information on the suiciding of CFUs and CFUc has been reviewed by Metcalf and Moore (1971) . Approximately 10% of CFUs are killed by exposure to 3H-labelled thymidine, while up to 50% of CFUc are killed by this treatment.
The suicide of some 46% of ADC colony precursor cells following incubation with 3H-labelled thymidine suggests that they have a close relationship to the cells detected by colony formation (CFUc) in vitro.
The results from cultures of leukaemic cells in ADCs show that there is a rapid decline in bone marrow haemopoiesis, assayed by this particular technique, whereas the level of normal colony production falls more gradually in the spleen.
The differences in the rates of decline in these 2 haemopoietic organs may be due partly to the fact that the spleen is able to increase in size, so that the normal precursor cells are diluted by leukaemic blast cells while the volume of the marrow cavity is constant.
Results from CDCs and ADCs are compatible in normal bone marrow cell cultures (Table IV) , while in leukaemic cell cultures the cell content of the colonies differs from the cells recovered in suspension from CDCs (Table VI) . This finding may be of diagnostic significance if human bone marrow were to be cultured in CDCs and ADCs.
The ADC system provides a method for quantitating the functional capacity of normal haemopoietic precursor cells, by their ability to form colonies in leukaemic RFM mice. Further experiments are in progress to assess the significance and timing of changes in the colony stimulating substance in RFM mice with myeloid leukaemia. 
